Abstract -The development of medicinal products is subject to quality standards aimed at guaranteeing that database contents accurately reflect the source documents. Paradoxically, these standards hardly address the quality of the source data itself. The objective of this work was to propose recommendations to improve data quality in three fields (pharmacovigilance, pharmacoepidemiology and clinical studies). The analysis was focused on the data and on the critical stages presenting critical quality problems, for which the current guidelines are insufficiently detailed, unsuitable and/or poorly applied. Finally, recommendations have been proposed, mainly focused on the origin of the data and its transcription.
Introduction
The development of medicinal products has been subject to very strict quality standards for many years, such as international conference of harmonization (ICH) guidelines for clinical trials. [1] Generally, the purpose of these guidelines and procedures is to guarantee that database contents accurately reflect the source file. However, they hardly address, if at all, the nevertheless essential issue of the quality of the source data. As an example, the evaluation of critical events during a clinical trial has shown that the interpretations of investigator physicians are, at the very least, questionable. Several studies have demonstrated that the classification proposed by the investigators for major cardiovascular events were changed by an independent critical events adjudication committee in a quarter to a third of cases. [2, 3, 4] The poor quality of medical information contained in the source data could change the conclusion of a trial. Similarly, the lack of quality of medical information contained in pharmacoepidemiology or pharmacovigilance data could have serious consequences. Apart from patient security and public health, risks related to the absence of data quality and to the diffusion and use of nonvalidated information are of a decision-making nature (e.g. making an inadequate regulatory decision), are social and media risks (there are many recent examples) as well as scientific risks (i.e. poor quality data could lead to false hypotheses being drawn up which would require time and resources to refute). This information risk has become a concern for the regulator, as illustrated by the proposed European regulation relating to clinical trials with the objective to avoid two distinct risks: "[...] the risk for patients safety and the risk for data reliability". [5] Interest in the quality of medical information generated by the source data is therefore a major issue, and yet, it has been relatively rarely covered in the literature.
The objective of this work was to propose recommendations to improve the data quality, and more precisely the "medical validity" of data in three types of studies: pharmacovigilance, pharmacoepidemiology and clinical studies. The approach was based on the exchange of observations, experiences and expertise of those involved in these three fields. The work is focused on data quality and has not addressed data use (e.g. statistical analysis). The proposals exposed at the end of this article have been formulated following a structured approach, the elements of which are presented in this article: 1) definition of the framework, in particular of the data and its sources, 2) description of the process and 3) demonstration of critical points, and then 4) analysis of the existing guidelines and their limits.
Framework, typology and definitions
This work relates to medical data and information used in three main fields concerning the evaluation and security of medicinal products: clinical trials, pharmacoepidemiology and pharmacovigilance, defined as follows:
1. The field of phase III clinical studies: phase III clinical trials evaluate the benefit/risk ratio of a future medicinal product, especially by assessing its medium to long-term safety and efficacy. Quality controls and audits are frequently carried out on these studies, particularly when they are registration trials for marketing authorization (MA).
2. The field of pharmacoepidemiology is the study of the use and effects of medicinal products on large populations in order to describe and analyze the practices and conditions of use, evaluate the security and efficacy as an alternative to a clinical trial, evaluate the effectiveness in a routine situation ([comparative] effectiveness research), carry out economic and medico-economic evaluations. [6] Pharmacoepidemiology can be in a regulatory context (e.g. post-reimbursement studies; post marketing studies).
3. The field of pharmacovigilance: pharmacovigilance is the surveillance to assess risk of adverse effects resulting from the use of drug products, plus the analysis and management of these risks. Within the framework of clinical trials, pharmacovigilance plays an important role since by definition the safety of a medicinal product under study is evaluated during these trials. Special attention is paid to suspected unexpected serious adverse reaction (SU-SAR), which are serious adverse reactions that are unexpected or unintended responses related to an experimental drug.
What data?
All data contributing to study objectives are targeted by this analysis. In particular, data describing and providing elements to verify health states and events, histories and other clinical and behavioral characteristics of patients, the diagnostic procedures and results, treatments and interventions, compliance and persistence, etc. These data can be used for the selection and definition of the population, as well as for exposure factors, adjustment factors and/ or endpoint criteria.
What sources?
Some sources are more specific in some fields. Clinical trials are generally based on data specifically collected and/or generated during the treatment. As for pharmacoepidemiology, it involves the exploitation of medico-administrative data. Finally, pharmacovigilance classically uses data from reporting, either coming from clinical trials or from collated, unsolicited reports, sometimes in a context of prospective follow-up for a risk management plan.
There are potentially many sources of this data: -data collected (or so-called "prospective" data): assessments performed for the study (clinical examinations, questionnaires, complementary assessments, etc.); -data, specifically taken from medical records, generated during the standard patients follow-up (or so-called "retrospective" data): assessments performed in the context of patient care and then re-used for the study; -medico-administrative data: data initially collected for care management and reimbursement purposes. They can subsequently be used in the aim of public health or research. In France, the most frequently used are data from the French national discharge database (
programme de médicalisation des systèmes d'information [PMSI]) and French national Health insurance information system (système national d'informations inter régions d'Assurance maladie [SNIIRAM])
; -pharmacovigilance data: data obtained within the context of safety follow-up of medicinal products tested in clinical trials (reporting of non serious, serious and unexpected adverse events) as well as within the context of the national pharmacovigilance system (unsolicited reports on marketed medicinal products). Given these specificities, the current guidelines are generally segmented and do not cover all the possible sources for a given use. However, the uses are becoming more diversified and each of these fields is now likely to use each of the sources or even a combination of them (table I) .
For this reason and because of the similarity of the problems, all three fields were analyzed together.
From data to information
Firstly, -and very importantly -the concept of "data" (raw element directly collected by assessments or generated from data collected for a different purpose) must be distinguished from the notion of "information", which results from processing and interpreting the raw data. For example, weight and height are data, whereas the presence or not of obesity, as defined by a combination of these data to which a threshold is applied, is information. Quality data can give rise to poor quality information depending on the processing and interpretation. It is particularly important to consider this distinction withinthecontextoftheuseofmedico-administrativedata.Infact,these data are generally quality data (e.g. information in a reimbursement database "prescription of anti-hypertension treatment" corresponds to reality). However, deducing from the prescription of an antihypertension treatment that the patient has hypertension is a potentially problematic interpretation (e.g. by lack of treatment specificity: diuretics can be prescribed for hypertension but also for heart failure).
What is quality data?
Quality data could be defined as data that correctly represents reality. This is the most natural definition but is hampered by the perception of "absolute" quality for which more is always better. This absolute is nevertheless not conceivable nor desirable: for example what is the use of having a patient's weight to the nearest gram? The level of optimal quality depends on the objective: for example if the standard for assessment of left ventricular mass is magnetic resonnance imaging (MRI), an assessment by echocardiography could be considered as sufficient quality if the objective is to enroll patients with left ventricular hypertrophy. Moreover, a given level of quality needs to be balanced with the feasibility, costs and risks to obtain it. Finally, an absolute vision of the quality must not lead to research conditions so far removed from everyday practice that the transposability of the research results could be compromised. Therefore, a more operational definition should be proposed: quality data is data that appropriately responds to the objectives for its use.
Consequently, we have defined quality data not only as data correctly representing reality, but above all as data that generates quality information, in a defined context, that allows the right decision to be taken at the right time.
Quality criteria
Tens of quality criteria have been proposed in the literature on health or in the general area of quality. To be concise, three fields of quality (data, information, process) can be distinguished and a certain number of criteria can be listed for each of them. The three x: data rarely used in the mentioned field; xx: data occasionally used in the mentioned field; xxx: data frequently used in the mentioned field.
criteria of data quality that we have retained are validity (or accuracy), precision and reliability. The criteria of information quality (judged also in relation to its use) are, apart from the three previous criteria, the relevance (or usefulness or appropriateness), accessibility, exhaustivity, objectivity and interpretation. The criteria of quality of the process of obtaining information are: the cost-efficiency, absence of risks, confidentiality, security, durability, organization and verifiable (auditable) character of the information.
The process and demonstration of critical points
Initially, we described the stages from generating to using the data ( figure 1 ). This representation is of course schematic and generic: the order of these stages may differ depending on the field and the study, and some stages may be performed several times. Then, for each stage, the main errors that could arise have been listed. For each error, the main causes have been identified.
The analysis is then focused on the data and critical stages. We have considered that the critical data were data for which quality (or lack of quality) poses a major risk problem. It mainly involves the primary endpoint, serious events, data modifying the benefit-risk ratio, etc. For this critical data, we have considered that the corresponding critical stages were those presenting an important problem for quality and for which the guidelines appear to be insufficiently detailed, unsuitable and/or imperfectly applied.
Analysis of the existing information and the elaboration of recommendations
In response to these issues and to ensure the quality of data, there are already many guidelines and procedures concerning data and data processing in all three fields. Examples include: the ICH guidelines for clinical trials [1] or, more specifically, the Guideline on missing data in confirmatory clinical trials; [7] the European Medicines Agency (EMA) guide on methodological standards in pharmacoepidemiology [8] and the International Society of Pharmacoepidemiology (ISPE) guidelines for good pharmacoepidemiology practices [9] for pharmacoepidemiology; and finally for pharmacovigilance, the new European guidelines of good pharmacovigilance practices. [10] These guidelines and procedures are generally aimed at guaranteeing that database contents accurately reflect the source file. Many data management procedures exist. [11] [12] [13] However, on analysis it becomes clear that these guidelines are insufficiently detailed on a critical and essential point: validation of the quality of source data and information in order to guarantee the validity/accuracy in the medical sense (e.g. is what is recorded as myocardial infarction is really myocardial infarction; what criteria were used for this diagnosis?). The existing guidelines do not mention (or hardly mention) these aspects, in particular the medical validity of source data. The latter is in fact implicitly considered as a gold standard and therefore cannot be questioned. Therefore, in the three fields, the data origin stage (i.e. formative stage of source data from assessment or observation) appears to be the priority. It is the quality of the initial medical diagnosis, but also the accuracy of the assessment methods (anthropometric, biological, electrocardiographic, etc.).
Other critical stages have been demonstrated in the chain of data processing, which depend on the field and data source (figure 1).
For clinical, biological or medico-administrative data, the origin of data (diagnostic error, incomplete medical record or record containing errors) and its transcription (errors, inappropriate coding, use of an imprecise code) represent major critical points. More specifically for medico-administrative data, if a risk of data loss or matching error exists during the following stages of transmission, processing and integration of data into databases, these errors are generally limited by the numerous existing procedures (yet little known to users).
For medico-administrative data, a second critical point is data interpretation. The interpretation of data during statistical analysis can be a source of errors. The main critical points are: the definition of the denominator (patients); the absence or imprecision of clinical data (clinical diagnosis, comorbidities, history, risk factors); the definition of treatment exposure. Further to the problem of quality, there is also the problem of use. Specific analysis techniques are required to take into consideration these limits. These issues are covered by several generic guidelines (e.g. the pharmacoepidemiology guidelines cited above) and other more specific ones. [14] [15] [16] However, the literature is in agreement that they are insufficient. [17] [18] [19] [20] The quality of pharmacovigilance data is a shared concern. [21] Several critical points have attracted our attention. The medical data is collected, transmitted and coded using the medical dictionnary for regulatory activities (MEDRA dictionary). This dictionary is complex and specific training is required in order to avoid variability in the coding process. Moreover, data interpretation for pharmacovigilance reporting is a major problem. Actually, the fact of an event being related or unrelated to a drug product has important consequences. It is therefore important that this "causality/imputability" data is validated after conferring with colleagues, without interpretation bias.
Recommendations
Finally, from the previously described analyses, the following recommendations were formulated according to a common principle (e.g. see figure 2 ). Some of these recommendations are original, whereas others are adapted from existing guidelines when the application needs reinforcing. 
Concerning the origin, transcription and validation of critical data
-Identify in the protocol the critical information that is compulsory and must be provided and validated by a physician and not simply under his supervision. -Implement procedures adapted to the protocol that allow the quality of critical information to be reinforced (e.g. direct contact between clinical research associate [CRA]/investigator; outline in red the questions that must imperatively be filled in by the physician; procedure for reviewing records with the investigator to verify the veracity/accuracy and documentation of the data, etc.) -Implement procedures for validating the critical information (e.g. role of "events physician" with the sponsor; systematic validation by an independent critical events evaluation committee). -Respect good practices in metrology and psychometry for the development, validation and transcultural adaptations of assessment methods (in particular for assessing patient reported outcomes). -Respect good laboratory practices, calibration procedures, and promote centralized review processes when appropriate. -Simplify collection methods: restrict it to essential information (aim for quality and completeness of data rather than quantity of data and keep in perspective the final analysis that will be done). 
Conclusion
After reviewing the data chain in the various fields and for different sources used, we have attempted to provide solutions aimed at improving the quality of medical information generated from these data. Although the fields are different, the problems identified are similar.
Certain procedures for ensuring quality are already mentioned in current guidelines but should be further integrated, understood and applied in practice. This observation and these proposals could be used to elaborate simple and applicable procedures focused on the essential issue of improving medical information generated from clinical trials, pharmacoepidemiology studies and pharmacovigilance data. 
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